Question Does a modified postural drainage position (horizontal) produce less cardiovascular and respiratory stress than a headdown postural drainage position (30°) in people with severe heart disease? Design A quasi-experimental study. Participants Thirty-one patients (mean age 69 years, SD 13) with severe left ventricular systolic dysfunction (mean ejection fraction 23%, SD 7) who were stable, receiving regular medication and free of acute respiratory illness. Intervention Two manoeuvres were performed -one from long sitting to a modified (horizontal) postural drainage position, and one from long sitting to a head-down (30°) postural drainage position. Outcome measures Cardiovascular responses examined were blood pressure, sphygmocardiographic indices, and cardiac rhythm. Respiratory responses examined were respiratory rate, transcutaneous arterial oxyyhaemoglobin saturation, and dyspnoea. Results Three participants were intolerant to the postural drainage positions -two during head-down and one during modified positioning. The remaining 28 participants maintained their resting cardiac rhythm and did not complain of chest pain or dyspnoea. The changes in cardiovascular responses during the sitting to head-down postural drainage manoeuvre in the tolerant participants were significantly greater (p < 0.05) than the changes during the sitting to the modified postural drainage manoeuvre for most of the sphygmocardiographic indices. In contrast, there were no significant respiratory responses to either postural drainage manoeuvre. Conclusion Modified positioning is associated with less cardiovascular stress than head-down positioning, yet for most patients with severe heart disease, both positions are generally well tolerated. For a subset of these patients, either position may be inappropriate. This suggests that modified positioning should be attempted first but that a head-down position may be attempted if the modified position proves ineffective. 
Introduction
The excitatory effects of chest physiotherapy on the cardiovascular system are well documented (Cohen et al 1996 , Harding et al 1993 , Horiuchi et al 1997 , Klein et al 1988 , Paratz and Burns 1993 , Patman et al 1998 , Weissman et al 1994 . In some instances, chest physiotherapy has been observed to trigger arrhythmias (Hammon et al 1992 , Stone et al 1991 . The cardiovascular responses are particularly relevant when determining the relative risk to benefit of specific interventions in patients with cardiovascular disease. As the incidence of cardiovascular disease can be as high as 48% amongst adult recipients of chest physiotherapy (Naylor et al 2004) , there is need for therapists to consider such risks. The American Association for Respiratory Care (1991) provides some guidance regarding potential modifications to treatment when cardiovascular disease is present. However, there is no documented evidence demonstrating that such modifications reduce risk.
Treatments incorporating head-down postural drainage have been shown to be effective in removing excess secretions (Berney et al 2004 , Cecins et al 1999 , Krause et al 2000 , Stiller et al 1996 . Postural drainage is one therapeutic intervention thought to require modification when cardiovascular disease is present (Naylor et al 2005a, Pryor and Webber 2002) . Head-down positions in healthy subjects induce increases in central blood volume, ventricular preload, myocardial oxygen consumption, cardiac output, and stroke volume (Blomqvist et al 1980 , Butler et al 1990 , Goldsmith 1991 , Katkov et al 1985 , Moe et al 1990 , Nixon et al 1982 , Norsk et al 1993 . The extent and duration of these changes, and the impact on baroreceptors, depend largely on the magnitude and duration of tilt. Our own earlier work demonstrated that short-term (10 minutes) 30° head-down positioning from a long-sitting (bed-rest) position in healthy adults produces a significant decrease in heart rate, an increase in ejection duration, and an unfavourable shift in the myocardial oxygen supply:demand ratio (Naylor et al 2005b) . Though small, these changes indicate that head-down positioning has a significant impact on the cardiovascular system. Theses changes may have serious implications for patients with severe heart disease.
The responses to head-down positioning in patients with heart A modified postural drainage position produces less cardiovascular stress than a head-down position in patients with severe heart disease: A quasi-experimental study disease are more variable than in healthy people (Goldsmith 1991 , Kopman et al 1979 , Moe et al 1990 , Ostrow et al 1994 , Reich et al 1989 , Sibbald et al 1979 . Cardiac output and blood pressure are inconsistent across studies as are stroke volume, heart rate, and ventricular filling. Inconsistency in part is likely to be related to differences in disease severity, disease chronicity, presence of medication or concomitant illnesses, and study methodology (Naylor et al 2005b) .
There is comparatively little research describing the effect of postural drainage positions on the cardiovascular system (Connors et al 1980 , Hammon et al 1992 , Naylor et al 2005b . Thus, the decision to position head-down or not constitutes a dilemma for physiotherapists treating patients with concomitant cardiac and pulmonary disease. The lack of evidence, together with inconsistent responses of cardiovascular patients to the head-down position, may explain the cautious approach by therapists towards headdown positioning when heart disease alone is present (Naylor et al 2005a) . The trade-off, however, is that some patients may be denied a treatment they require.
This study examined the cardiovascular and respiratory responses to modified and head-down postural drainage positioning in patients with severe heart disease. The primary aim was to determine whether the modified postural drainage position reduced the cardiovascular stress associated with head-down positioning. A secondary aim was to determine whether intolerance to either position could be predicted from the characteristics of the patients.
Method
Design A quasi-experimental research design was used. Two manoeuvres were performed -one from long sitting to a modified (horizontal) postural drainage position, and one from long sitting to a head-down (30°) postural drainage position. The sequence of postural drainage positions was not randomised as the performance of the modified position first was a requirement of the Hospital's Ethics Committee. All tests were performed under standardised conditions. The first rest period consisted of 30 min of long-sitting on a tilt table with the trunk supported at 70° to the horizontal, the right humerus supported on an adjustable 
Measurement of cardiovascular responses
Cardiovascular responses examined were blood pressure, sphygmocardiographic indices, and cardiac rhythm. Noninvasive brachial systolic and diastolic blood pressure and mean arterial blood pressure was measured using Dinamap and a pre-measured adult cuff. The method for recording was standardised according to American Heart Association guidelines (Baker and Ende 1995) . The Dinamap was calibrated as per operator instructions.
Sphygmocardiographic indices were collected and calculated using the SphygmoCor Blood Pressure Analysis System (a) . This process has been described in an earlier study (Naylor et al 2005b) . Briefly, non-invasive applanation tonometry of the radial artery was performed via a pressure sensor probe placed over the skin of the extended wrist. Cuff blood pressure was used to calibrate the radial waveform. Applanation tonometry has been validated against intra-arterial pressure waves obtained via direct radial artery catheterisation (Chen et al 1997 , Kelly et al 1989 . The technique of deriving the aortic pressure wave from a peripheral wave (brachial or radial) using a transfer function has been validated against direct cardiac and aortic catheterisation (Chen et al 1997 , Hojo et al 1966 , Karamanoglu et al 1993 . The derived aortic pressure is reported to estimate actual aortic pressure to ≤ 0.2 (SD 3.8) mmHg error (Chen et al 1997) .
The temporal sphygmocardiographic indices included: heart rate (b/min); cardiac cycle (ms); ejection duration (ms and % of cardiac cycle); and diastolic duration (ms and % of cardiac cycle). The pressure sphygmocardiographic indices (mmHg) included: aortic systolic, diastolic and mean arterial pressure; mean systolic, diastolic and end-systolic pressure; and pulse height. The myocardial oxygen demand and supply sphygmocardiographic indices included: aortic and brachial rate pressure product; systolic time integral; diastolic time integral; and subendocardial viability ratio. The resting pressure wave augmentation sphygmocardiographic indices included: augmentation (mmHg); and augmentation percentage of pulse height. (18) NYHA Functional Classification, number (%) I = mild disease, no limitation to ordinary physical activity II = mild disease, slight limitation to ordinary physical activity III = moderate disease, marked limitation to < ordinary activity IV = severe disease, unable to carry out physical activity without discomfort 6 (19) 15 (48) 5 (16) 5 (16) * = participants may have more than one subset; BMI = body mass index; NYHA = New York Heart Association seconds of data were captured. A 3-lead ECG recording was also monitored continuously on a SpaceLab monitor.
Measurement of respiratory responses
Respiratory responses examined were respiratory rate, transcutaneous arterial oxyyhaemoglobin saturation, and dyspnoea. Respiratory rate was measured using a stop watch. Transcutaneous arterial oxyhaemoglobin saturation was measured using continuous finger pulse oximetry (SpaceLab compatible). Dyspnoea was measured using the Modified Borg Dyspnoea Scale (Horowitz et al 1996) .
Data analysis A power analysis (Welkowitz et al 1976) was performed after testing 10 participants. In order to detect a 10% difference in mean arterial blood pressure between the two postural drainage manoeuvres (first rest to horizontal versus second rest to head-down) with 80% power at the 0.05 level of significance, 20 patients were required. Thirty patients were recruited to account for any dropout or incomplete data sets due to poor quality sphygmocardiographic waveforms (eg, from patients with atrial fibrillation).
Means and standard deviations (SD) were computed for continuous variables at rest. Checks for skewness and kurtosis, and additional non-parametric checks when appropriate, indicated the continuous variables were normally distributed. Student's t-tests on all continuous variables were used to determine whether the two rest periods were significantly different (p < 0.05). Regression equations were constructed for the variables known to be linearly related to heart rate. Planned orthogonal contrasts (Tabachnick and Fidell 1996) were used to determine whether there were any statistically significant differences in the behaviour of the continuous variables between the two manoeuvres. Comparisons between manoeuvres were defined as between-manoeuvre effects. Comparisons between rest periods and postural drainage periods (first and second rest versus horizontal and head-down period) were defined as postural drainage effects. The significance level was chosen as p < 0.05 for all variables.
Interpretation of the 12-lead ECG data -including rate, rhythm, abnormal beats, and new or old ischaemic changes -was performed independently by two medical doctors (DS, AM). Friedman two-factor analysis of variance was planned for the interpretation of the dyspnoea scores. Identification of a relationship between tolerance of postural drainage and participant characteristics was done qualitatively in view of the small sample size. Heart rate (b/min) (n = 29) Cardiac cycle (ms) (n = 24) Ejection duration (ms) (n = 24) Ejection duration (%) (n = 24) Diastolic duration (ms) (n = 24) Diastolic duration (%) (n = 24) 69 (13) 908 (178) 293 (30) 33 (5) 615 (164) 67.1 (5) 67 (8) 907 (125) 318 (21) 36 (3) 589 (109) 64 ( ) 87 (13) 71 (11) 103 (17) 82.3 (15) 102 (17) 129 (7) 121 (7) 97 (5) 80 (7) 109 (4) 90 (6) 109 ( (458) 3281 (564) 8649 (1966) 7892 (1788) 156 (23) 2288 (219) 3534 (262) 8679 (1143) 
Results
Characteristics of the participants The characteristics of the 31 participants are summarised in Table 1 . Cardiovascular and respiratory indices during the rest period are summarised in Table 2 . Comparison between the first and second rest periods indicated that they were not significantly different from each other for all responses except heart rate and cardiac cycle. Heart rate was 1.6 b/min lower (p < 0.01) in the second rest period and cardiac cycle was thus 19 ms longer (p = 0.03). Linear relationships were found between heart rate and ejection duration (r 2 = 0.4, p < 0.001), heart rate and ejection duration as a % of cardiac cycle (r 2 = 0.7, p < 0.001), and heart rate and subendocardial viability ratio (r 2 = 0.5, p < 0.001).
Tolerance of postural drainage positions Three patients were intolerant of the postural drainage positions. One patient reported severe dyspnoea after 10 minutes in the head-down position but completed testing. For two others, testing ceased early: one patient dropped out after 10 minutes in the horizontal position due to dyspnoea; another demonstrated 'new' ischaemic changes (> 2 mm ST depression) at 1 minute in the head-down position. This was associated with tachycardia and a subendocardial viability ratio < 100%. Therefore, 28 patients were tolerant of the postural drainage positions, including two with chronic atrial fibrillation. Of the 29 participants who completed testing, all maintained their resting ECG rhythm throughout (inter-observer agreement 100%), none reported chest pain, and only one reported an increase in dyspnoea.
Cardiovascular and respiratory responses to postural drainage positions The range of changes for both manoeuvres for patients who were tolerant, intolerant, and who exhibited chronic atrial fibrillation are summarised in The cardiovascular responses for the two patients in atrial fibrillation were highly variable at rest, and therefore were not included in the group analyses.
Temporal cardiovascular responses of the tolerant participants to postural drainage positions A small (< 9%) but significant (p < 0.001) effect of postural drainage was observed for ejection duration, ejection duration as a % of cardiac cycle, as well as diastolic duration as a % of cardiac cycle. A small (< 4%), but significant (p = 0.04) betweenmanoeuvre effect was observed for heart rate, ejection duration as a % of cardiac cycle, and diastolic duration as a % of cardiac cycle. The difference in heart rate was due to the difference in resting values. No significant effect of time in either postural drainage position was observed. The relationship between heart rate and ejection duration is such that for the same heart rate, ejection duration increases from rest to horizontal to head down (Figure 1 ).
Pressure cardiovascular responses of the tolerant participants to postural drainage positions
No effect of postural drainage was observed for any pressure response, although brachial systolic blood pressure and mean arterial pressure tended to increase in the postural drainage positions with time. A small (< 6%) but significant (p < 0.03) betweenmanoeuvre effect was observed for most pressure responses with pressure tending to decrease from the first rest period to horizontal and increase from the second rest period to head-down. Furthermore, aortic systolic blood pressure and mean systolic pressure tended to increase over time in the head-down position.
Myocardial oxygen demand and supply cardiovascular responses of the tolerant participants to postural drainage positions No effect of postural drainage was observed for the rate pressure product. However, there was a significant between-manoeuvre effect for the brachial rate pressure product (p = 0.04) and the aortic rate pressure product (p = 0.004) with the rate pressure product tending to decrease between-manoeuvre effect was also significant (p = 0.001) with the increase following the second rest period to headdown (11.6%) exceeding that following the first rest period to horizontal (1.5%). The diastolic time integral also showed an effect of postural drainage, decreasing following horizontal and head-down positions, but no between-manoeuvre effect was observed. The diastolic time integral tended to increase towards the resting value across time in the horizontal and head-down positions. The subendocardial viability ratio showed an effect of postural drainage, decreasing following horizontal and head-down positions (p < 0.001). The between-manoeuvre effect was also significant (p = 0.001) with the decrease following the second rest to head-down period (-12.8%) exceeding that following the first rest to horizontal period (-6.7%). Despite the decrease, the ratio remained above 100% for all but one patient.
Consistency of cardiovascular responses
Seven participants underwent testing under identical conditions within one week of the first. The day-to-day reproducibility of cardiovascular responses during rest and consistency of cardiovascular responses during postural drainage positioning have been previously reported (Naylor et al 2005b) . In general, despite some inconsistency in the cardiovascular responses, tolerance to head-down postural drainage positions was consistent, ie, the seven participants demonstrated tolerance on both occasions.
Respiratory responses of the tolerant participants to postural drainage positions
No effect of postural drainage or between-manoeuvre effect was observed for respiratory rate. Although there was no significant effect of postural drainage on transcutaneous oxyhaemoglobin saturation (rest to horizontal -0.2%, rest to head-down 0%), it tended to increase slightly over time during the horizontal position and decrease slightly over time during the head-down position (p = 0.02). The excessive number of tied dyspnoea scores throughout (mostly 0/10) precluded the planned nonparametric analysis on this response.
Relationship between participant characteristics and tolerance to postural drainage positions Visual inspection of the participant characteristics indicated that intolerance (n = 3) was associated with a combination of characteristics that included: history of ischaemic heart disease and pulmonary oedema; an estimated left ventricular ejection fraction ≤ 20%; and a New York Heart Association classification of IV (severe disease).
Discussion
The use of head-down postural drainage positioning by physiotherapists to aid clearance of excess secretions from the lungs is supported by previous research (Berney et al 2004 , Cecins et al 1999 , Krause et al 2000 , Stiller et al 1996 . However, recent findings using cadaver modelling provide theoretical evidence that horizontal positions may be adequate for postural drainage of most lung zones (Takahashi et al 2004) . This is yet to be confirmed convincingly in vivo. The results from the few studies that have specifically compared head-down and modified postural drainage in combination with other techniques for sputum clearance (Berney et al 2004 , Cecins et al 1999 or resolution of atelectasis (Krause et al 2000 , Stiller et al 1996 are inconsistent. Thus, while we await evidence indicating that modified positioning suffices for all cases unequivocally, the dilemma of whether to position head-down or not remains. The relationship between heart rate and ejection duration at rest (diamonds and continuous line), during horizontal positioning (circles and dashed line) and during head-down positioning (triangles and dotted line). During rest, the relation is described by the equation ED = -1.387 × HR + 388.7 (r 2 = 0.39). During horizontal positioning, the relation is described by the equation ED = -1.188 × HR + 388.7 (r 2 = 0.30). During head-down positioning, the relation is described by the equation ED = -1.157 × HR + 397.7 (r 2 = 0.31). For the same heart rate, ejection duration increases from rest to horizontal to head-down, indicating progressive increases in cardiac stroke volume. This study has explored the effect of heart disease on tolerance to postural drainage positioning. Severe left ventricular dysfunction was the model of choice as it represents the patient group theoretically at greatest risk from posture-induced increases in central blood volume. That the group studied were truly severe is indicated by the echocardiographic data (Sugarman and Brozovich 1995) , the restrictive spirometric patterns (Cherniack et al 1957 , Hammond et al 1990 and the histories of orthopnoea (Cherniack et al 1957) , which, taken together are consistent with left ventricular failure. Furthermore, the observed ejection durations were comparatively short compared with aged-matched controls (Naylor et al 2005b) (Figure  2 ) -another feature of systolic heart failure (Nichols and O'Rourke 1998).
This study provides evidence that a head-down postural drainage position is associated with greater cardiovascular stress than a modified position in patients with severe heart disease. This is indicated by the significantly different responses in ejection duration, blood pressure, and myocardial work index, and the unfavourable response in the subendocardial viability ratio during the head-down position. Thus, the study provides support for the assumption that using a modified position may be a necessary first option when severe heart disease is present. However, the difference between the manoeuvres was small (typically < 10%). This highlights the need to interpret statistically significant changes in terms of their clinical significance. That neither position was typically associated with intolerance suggests that neither is particularly stressful and that head-down positioning may be a second option if treatment in a modified position proves ineffective.
The contention that neither postural drainage position was stressful is supported by the observations that there was no effect of postural drainage on heart rate or any of the respiratory responses. That heart rate did not change during either manoeuvre is consistent with the findings of others who have investigated the effect of head-down positioning in patients with stable heart failure (Goldsmith 1991 , Moe et al 1990 . These findings do, however, contrast with the 'normal' response. Given that the same head-down manoeuvre induced a small decrease in heart rate in elderly healthy subjects (Naylor et al 2005b) , the lack of change in the present study may reflect a blunted baroreflex response and/or that the increase in central blood volume was not sufficient to stimulate the high-pressure baroreceptors.
Much of the concern with using a head-down postural drainage position surrounds the anticipated increase in central blood volume. Evidence that there was an increase is indirect and indicated by the increase in ejection duration in both manoeuvres despite a stable heart rate. An increase in ejection duration for the same heart rate -and in the absence of large changes in contractility or blood pressure -is indicative of an increase in ventricular filling (preload) (Butler et al 1990) . The greater increase during the head-down manoeuvre in particular, is consistent with a greater increase in filling (Figure 1 ). The lack of signs and symptoms of cardiac congestion generally suggests that stroke volume and cardiac output remained adequate in these patients despite a presumed increase in ventricular volume. Nevertheless, we remain cautious about our observations. The increase in ejection duration in the absence of a decrease in heart rate was responsible for the increase in the systolic time integral -the estimate for myocardial oxygen (systolic) requirement -and, therefore, largely responsible for the decrease in the subendocardial viability ratio. That ischaemic changes were not typically evident, therefore, does not guarantee that a longer duration head-down position would have been tolerated. It is also noteworthy that the rate pressure product did not mirror the changes in the systolic time integral, thus highlighting the limitations of the rate pressure product. It is likely that the systolic time integral will estimate myocardial oxygen requirement more accurately since it incorporates more of the determinants of oxygen consumption in its calculations (ie, ejection duration and mean systolic pressure).
That blood pressure behaved differently during the two postural drainage manoeuvres also invites caution. Though no apparent problems were evident with the relative increases in blood pressure observed during the head-down position, we acknowledge that sustained blood pressure increases are not desirable in patients with compromised coronary circulation. Why blood pressure tended to increase over time during the head-down position is speculative, but may reflect a greater stroke volume response (thus cardiac output) unaccompanied by the reciprocal changes in total peripheral resistance which typically function to maintain normotension following a change in position (Vander et al 1990) . Certainly, simultaneous increases in blood pressure and cardiac output during the head-down position without changes in peripheral resistance have been observed previously in anaesthetised cardiac patients (Kopman et al 1979 , Reich et al 1989 . A lack of or insufficient change in peripheral resistance would be consistent with impaired baroreflex-mediated compensatory mechanisms in people with heart failure.
Intolerance to head-down and modified postural drainage positions was atypical, but observed on three occasions. This indicates that for some patients the head-down position (and for some, any reclined position) will be intolerable. The intolerant patients shared a common and exclusive profile suggesting that a combination of factors may be an important predictor of intolerance in the acutely ill patient. These preliminary findings merit further investigation in acutely ill patients.
A minor limitation of this study is that the sequence of postural drainage positions was not randomised. The intervening rest period was used to preclude the effects of the first manoeuvre confounding the second. This strategy appeared to be successful as most responses had returned to first rest period values during the second rest period. The lower heart rate indicated that the patients were more relaxed after the first manoeuvre suggesting the head-down response was not primed by a preceding stress response.
The limitation of a 12-lead ECG to detect ischaemia in the presence of left heart block and atrial fibrillation deserves mention. Such abnormal rhythms reduce the likelihood of detecting new ECG changes (Donovan and Hockings 1995) . However, angina and its equivalents were not reported nor observed, and the subendocardial viability ratio generally remained well above the critical value at which ischaemia is considered likely (Nichols and O'Rourke 1998), which suggests ischaemia did not occur.
A potential limitation in this study, as it is in other studies utilising non-invasive brachial blood pressure measurements (Smulyan et al 2003) , relates to the accuracy of cuff sphygmomanometry. Non-invasive blood pressure estimation is the most commonly used method for measuring blood Australian Journal of Physiotherapy 2006 Vol. 52 -© Australian Physiotherapy Association 2006pressure in the clinic and the Dinamap is reported to track invasive blood pressure changes accurately in stable patients (Seneff 1995) . Hence its use here was considered acceptable and preferable to invasive arterial cannulation. In the event that cuff blood pressure measurements did not parallel true blood pressure changes, the sphygmocardiographic pressure responses would become invalid as they were calibrated using these measures. However, the linear relationships between sphygmocardiographic temporal and pressure responses previously observed by others (Nichols and O'Rourke 1998) were also observed here, providing corroboration that the sphygmocardiographic data obtained were valid. Nevertheless, even if cuff blood pressure did not track intra-arterial changes reliably, this study remains highly pertinent as it is the only study to investigate the temporal sphygmocardiographic, and electrocardiographic responses during head-down and modified postural drainage positions.
The implications for clinical practice of the observations reported here of head-down and modified postural drainage positioning in patients with stable heart failure are twofold. First, short-term (10 minute) modified positioning should be attempted first given that it is associated with less cardiovascular stress and is perhaps more comfortable and practical. Second, therapists may employ a more aggressive head-down position if the modified position proves ineffective given that both positions were shown to be well tolerated by most participants. As none of the usual markers of stress predicted intolerance reliably, at this stage we recommend reference to patient characteristics to guide treatment. Further, we regard tolerance to chest physiotherapy as a complex phenomenon with both objective and subjective manifestations. Thus, the use of a range of clinical monitoring tools -whilst appreciating their limitations -is advisable. Future research should attempt to establish whether tolerance to both modified and headdown postural drainage positions is altered in the presence of acute cardiac and pulmonary disease and whether it can be predicted from patient characteristics. (a) BPAS-1, PWV Medical, and Notebook PC.
Footnotes
eAddenda Detailed data providing temporal responses, pressure responses, and myocardial oxygen demand and supply indices response to head down and modified positioning are available on the journal website: www. physiotherapy.asn.au/AJP
